being particularly significant in the associations. These results are important for water managers in western Iran because they indicate significant changes in precipitation regimes associated with ENSO and PDO signals that will help to assess the occurrence of droughts and floods in the area.
INTRODUCTION
Iran, which belongs to the arid/semi-arid zone of Asia and receives less than a third of the world's average precipitation, has gradually shifted towards drier conditions (Ashouri et al. ) . This shift implies the need to study the variability of precipitation in the country, especially in terms of severe drought conditions. The variation of rainfall is very high between years, thus the country sometimes experiences drought. Rainfall varies both temporally and spatially. In general, most of the relatively scarce annual precipitation falls from October to April (Eslamian et al. ) .
A coupled atmosphere-ocean system may provide a climatic insight into the mechanisms that can strongly affect the magnitude and also the distributions of precipitation in Finally, we determine which years of the available record were relatively more affected by ENSO and PDO using a standardized year-by-year product among the indices that highlight only those extreme years where the signals highly reinforce each other.
DATA SOURCES Study area
Western Iran covers the region between 33 and 39 degrees latitude north and 45 and 52 degrees longitude east, as shown in et al. ). Due to the latitudinal extent and its complex relief, the precipitation amount varies greatly over the region.
Precipitation data
This study analyzes monthly precipitation data from 52 synoptic stations (covering the period from 1957 to 2008, which is the last date available from Iran Meteorological
Organization database). We tested the data for randomness purposes using the run test with binomial distribution, which is used to decide whether or not a dataset is random (a sorted series of increasing values is considered random when the probability of the [i þ 1]th value being larger than the [i]th value follows a binomial distribution). 
PDO and BEST data

PDO time series
This study uses the monthly standardized values for the PDO index (Mantua ) . The PDO appears to oscillate between warm and cool phases every 20 to 30 years (Null ) . The negative, cool phase has occurred in 1900 to 1924, 1947 to 1976, and 1998 to the present. The rest of the period corresponds to the positive, warm phase. This monthly time series is available at: http://jisao.washington. edu/pdo/PDO.latest.
BEST time series
The bivariate ENSO time series (BEST) index was designed to be simple to calculate and to provide a long-term ENSO index for research purposes. The SPI is computed by fitting a gamma probability density function (PDF) to a given frequency distribution of precipitation summed over the time scale . This is performed at each station separately for the cold season, warm season, and water year (October to September). Each PDF is then transformed into the standardized normal distribution (Lloyd-Hughes & Saunders ).
These series were analyzed in their spatial distribution and temporal recurrence using PCA and SSA, respectively. A brief description of the procedure is presented in the following two sections.
Spatial analysis using PCA
PCA is a linear optimization method that maximizes the explained variance of a dataset by decomposing the original series in an orthogonal set of eigenvectors (EOFs). In this study, the spatial variability of annual and seasonal SPI datasets was analyzed via the distribution of their significant eigenvectors.
A Monte Carlo generation process of 100 correlation matrices of independent random variables with mean zero and unit variance (similar to the SPI parameters) was performed to account for the effects of white noise. The random matrices were decomposed in their singular values and sorted in decreasing order of variance explained.
Only the eigenvalues that are above the white noise threshold are considered to be significant. The SPI matrix can then be partially reconstructed using only the significant eigenvectors. To reduce the effects of domain-shape dependence a varimax rotation was also applied to the significant eigenvectors. The coefficients of the rotated significant eigenvectors for the annual and seasonal series were plotted over the stations and their spatial distributions were analyzed to identify possible patterns of SPI variability in the region.
Frequency analysis
The SSA approach is a useful non-parametric technique of time series analysis that has been widely used in hydrology to relate low frequency changes in temperature and precipitation associated with climate signals such as ENSO and PDO (Santos et al. ) . SSA allows the original series to be decomposed into a small number of independent components that can be interpreted in terms of slowly varying trends, oscillatory components and a structure that is different from red noise. Detailed mathematical descriptions of the methods presented in these sections can be found in 
RESULTS AND DISCUSSION
We first discuss the spatial and temporal distribution of 
SPI oscillation modes with SSA
The reconstructed PC-SPI time series was analyzed using SSA for the period 1957-2008 in order to identify consistent oscillatory modes.
Decomposition: window length and eigenvalues
The window length L is the only parameter in the decomposition phase (Hassani ) . In this study, for water year and 
Reconstruction
Reconstruction stage includes two separate steps: grouping (identifying signal component and noise) and diagonal averaging (using grouped eigentriples to reconstruct the new series without noise). Usually, the leading eigentriple describes the general tendency of the series.
The SSA technique depends on the number of eigenvalues (r) that are important for separating signal components from a noisy reconstructed series of length N. Table 2 represents the results of reconstructed water year series with different r (1 to 5).
The reconstructed signal, considering w-correlation, variance, and root mean square error (RMSE) criteria, is calculated by using the first five eigenvalues and L ¼ 25 years. There is insignificant difference between the fourth and fifth eigenvalues due to their proximity in contribution.
Thus, the first four eigenvalues can be used to reconstruct the noise-free signal from the water year series (for more with PC-SPI. This can also be observed in the standardized products among these indices, described below in Figure 11 .
The reconstructions in Figure 10 show an off-phase behavior between the cold and warm seasons, the drier than average periods in the cold season usually being compensated by wetter than normal warm seasons and vice versa. This result is also important for water managers, since the analysis of the entire year may hinder the effects of seasonal extremes in the basin.
SPI extreme event associations with PDO and BEST
Based on the synchronic oscillation of the reconstructed SPI time series, standardized products among SPI and the indices PDO and BEST were calculated to explore the relative influence of these climate drivers in the occurrence of abnormal SPI moisture conditions year by year (Cañón et al. ) :
where P t is the year t cross product, I t represents the index (or set of indices) against which the PC-SPI is going to be compared at each year t, and σ is the standard deviation of the (1986, 1996, 1998, 1999, and 2008) 
CONCLUDING REMARKS
In this research we have found that precipitation variability has been increasing over western Iran in the last two decades (since the mid-1990s). Furthermore, we found that ENSO and PDO may have a reinforcing effect on the occur- 
